INTRODUCTION
============

Fecal continence results from an intact anal sphincter innervated by the pudendal nerve (PN), which causes its tonic contraction in the resting state, allowing voluntary responses to defecation signals and the receptor mechanism to sense the desire to defecate \[[@B1]\]. End stage fecal incontinence resulting in a permanent abdominal stoma is a major morbidity. Though techniques like an intestinal smooth muscle neoanal sphincter, stimulated skeletal muscle perineal wraps and injection of autologous myoblasts (tissue engineering) have been tried, limited surgical options are available for such patients even today \[[@B2]-[@B4]\]. Perineal transposition of the antropyloric valve (APV) based on the left gastroepiploic artery pedicle as a substitute for a permanent stoma following an abdominoperineal resection (APR) in humans has been reported previously by us \[[@B5]\]. Although most after APV transposition following an APR had adequate retention of solid stools, lack of sensation and voluntary control remained a problem \[[@B6]\]. PN reinnervation of skeletal muscles has been performed in order to attain voluntary neosphincter control in canine models \[[@B7],[@B8]\]. Both the gracilis and the gluteus maximus muscles have been used for this purpose, with the latter being more suitable for PN reinnervation and, hence, being used in humans \[[@B1],[@B9],[@B10]\].

We explored the feasibility of innervating the perineally-transposed APV segment, along with its anterior vagus (AV) supply, with the inferior rectal nerve (IRN) or its branches in human cadavers. Our aim was to establish the anatomical feasibility of the procedure as a preliminary step towards future clinical application leading to possible neural control of the perineally-transposed APV segment.

METHODS
=======

Six fresh adult cadavers (male, 3; female, 3) of North Indian origin formed the basis of this study after approval from the institutional ethics committee. The AV nerve supplying the APV segment and the IRN in the perineum (including 12 sides of perineal dissection) were carefully identified and exposed, and measurements were made (using engineering calipers).

Surgical procedure
------------------

The dissection was carried out in the semilithotomy position. A midline abdominal incision was made from the xiphoid to the pubic symphysis, together with a circular perianal incision, after applying a purse-string suture around the anal verge. The anorectum was excised, akin to an APR operation, synchronously from above (abdomen) and below (perineum).

In the abdominal part, branches of the gastroepiploic arcade to the stomach along the greater curvature were divided, retaining the supply to the APV segment based on the left gastroepiploic artery as described previously by us \[[@B5],[@B11]\]. The AV was carefully harvested after it gave the hepatic branch, retaining its integrity to the part of the removed antropyloric segment ([Fig. 1A, B](#F1){ref-type="fig"}). The APV with a cuff of the first part of the duodenum and the antrum was then transposed to the perineum, along with its vascular pedicle and the AV nerve trunk.

The locations of the IRN and the branches to the external anal sphincter (EAS) were defined in separate dissections via the gluteal approach as described by O\'Bichere et al. \[[@B12]\]. The gluteal muscles and the sacrotuberous ligament were divided, and the PN was traced after the sheath of the pudendal canal had been incised. The IRN with its branches supplying the EAS was then identified ([Fig. 2A](#F2){ref-type="fig"}).

In the perineal part, after excision of the anorectum and the EAS, the branches of the IRN to the EAS were identified on either side (3 or 9 o\'clock position) by a careful dissection in the ischioanal fossa ([Fig. 2B](#F2){ref-type="fig"}). The APV segment with its intact gastroepiploic pedicle and harvested AV nerve was brought down to the perineum. The end of the AV nerve was then approximated with the IRN or its branches in a tension-free manner ([Fig. 3](#F3){ref-type="fig"}).

RESULTS
=======

The mean age of cadavers was 56 years (range, 48 to 65 years), and the mean weight was 60.33 kg (range, 54 to 66 kg). The branching pattern of the AV permitted its harvesting with the mobilized APV segment in all cadavers. A free length of 2.5 to 3 cm of the AV trunk below the hepatic division could be obtained in all six cadavers. The mean diameters of the AV, the right IRN and the left IRN were 2.083 ± 0.075 mm (range, 2.0 to 2.2 mm), 2.75 ± 0.10 mm (range, 2.6 to 2.9 mm) and 2.783 ± 0.075 mm (range, 2.7 to 2.9 mm), respectively, as measured with engineering calipers ([Fig. 4](#F4){ref-type="fig"}). In two cadavers, an additional branch to the pylorus emerged from hepatic division and could be harvested separately.

In the perineum, after excision of the anorectum, the IRN and its branches could be dissected within the ischioanal fossa in all cadavers, consistently around the 3 or the 9 o\'clock positions ([Fig. 5](#F5){ref-type="fig"}). The IRN or its branches were of sufficient thickness in this position to enable a neural anastomosis. Carefully examination of the twelve sides of the perineum revealed that the nerves to the EAS followed a radial distribution, but without any constant pattern. We could achieve a tension-free approximation of the nerve supply (AV branch) of the perineally-transposed APV segment with the IRN or its branches in the perineum in all cadavers ([Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

A permanent abdominal colostomy after an APR of the anorectum for malignancy is a devastating consequence for the patient. Treatment options like stimulated gracilis muscle transplants and artificial anal sphincter implants have suboptimum results and lack desirable voluntary control \[[@B2],[@B3],[@B13],[@B14]\]. Experimentally, a canine model showed that PN innervation of a skeletal-muscle anal wrap for producing a functional anal sphincter was superior to an electrically-stimulated passive wrap \[[@B8],[@B15]\]. The gluteus maximus neoanus in humans with a PN anastomosis after an APR has shown better continence and control, but requires long-term validation \[[@B9]\].

In comparison to skeletal muscles, smooth muscles can provide prolonged tonic contraction with little fatigue and can shorten by a greater percentage of the initial length while maintaining the full force of contraction \[[@B16]\]. Therefore, smooth muscles can serve as better sphincter replacements physiologically. Preliminary studies on the use of APV transposition in the perineum following a resected or damaged anal sphincter (as a substitute for an abdominal stoma in humans) have recently accomplished this \[[@B5],[@B11]\]. The transposed pyloric valve (smooth muscle) was shown to behave as a tonic sphincter when removed from the gastroduodenal continuity, with a median pressure of 30 mmHg on manometry \[[@B17]\]. However, a marked difference in the outcomes occurred among patients who underwent this procedure for benign conditions as compared to APV transposition after an APR. Lack of voluntary control and poor sensation are problems in the latter group of patients due to excision of the entire sensate anorectum \[[@B6]\]. In order to circumvent this, we considered the feasibility of harvesting the AV nerve supply to the APV segment and bringing it down to the perineum along with the gastroepiploic vascular pedicle ([Figs. 6A](#F6){ref-type="fig"} and [1B](#F1){ref-type="fig"}). In turn, this nerve (AV) to the APV segment was approximated to the IRN (PN) or its branches ([Figs. 6B](#F6){ref-type="fig"} and [3](#F3){ref-type="fig"}) in the perineum, thus establishing a connection with the spinal defecation center. Carr and Brooks \[[@B18]\] experimentally demonstrated that electrical stimulation of the anterior vagii could cause sustained antral contractions. Therefore, the neural anastomosis thus effected between the AV and the IRN could also lead to neural control of the transposed APV segment in the perineum. The vagus nerve branches act as a mere conduit for the regenerating axonal sprouts of IRN branches for future innervation of the APV. Thus, the APV will, in fact, be innervated by the PN branches (IRN). Concerns do remain about the IRN\'s innervating this APV segment, which is not a skeletal muscle.

The nerve supply to the pylorus usually comes from the AV via its anterior gastric division, nerve of Latarjet or descending branch of the hepatic division \[[@B19],[@B20]\]. The AV trunk supplying the APV segment could be readily harvested in all dissections, providing sufficient length for nerve anastomosis (with IRN) in the perineum. One may need to take a greater part of the antrum by dividing the stomach more proximally in order to obtain a thicker AV. This would also be adding to the \'colonic reservoir\' capacity of the \'pelvic\' pylorus \[[@B6],[@B21]\].

The PN originates from S2-S4 nerve roots in the sacral plexus, traverses Alcock\'s canal and ischioanal fossa, and then gives off branches to the EAS \[[@B22]-[@B25]\]. Literature describing the details of EAS innervation is scarce. The nerve supply of the EAS has been shown to be radially distributed into three groups-anterior (ventral), middle, and posterior (caudal) parts, depending on the part of the EAS being supplied \[[@B23],[@B26]\]. In our limited dissection, though this radial pattern could be ascertained, no definite three-tier distribution could be identified. However, the IRN and its branches were consistently found around the 3 or the 9 o\'clock position and could be readily dissected by us, as described by Gagnard et al. \[[@B26]\]. The APV segment based on its epiploic vascular arcade, along with its AV nerve supply, could be transposed to the pelvis, and the AV nerve could be approximated to the IRN or its branches at both these positions (3 and 9 o\'clock) in the perineum in all cadavers.

Though the technique is anatomically feasible, issues related to neural vascularity and regeneration may affect the final outcome in terms of neural control of the perineally-transposed APV segment. Reported rates of axonal regeneration vary broadly from 0.5 to 9 mm per day \[[@B27]\]. Post regeneration, APV (smooth-muscle) contraction is expected to result from stimuli through the PN (a mixed nerve), which innervates a skeletal muscle. Physiological success of this parasympathetic motor (autonomic) nerve anastomosis to a somatic efferent nerve, although doubtful, has recently been shown to be feasible \[[@B28]\]. Dong et al. \[[@B28]\], in their experiments on anorectal reinnervation in animals, have demonstrated the success of somatic motor axon in-growth into an autonomic nerve through collateral sprouting after performing an end-to-side neurorrhaphy. Research on neural repair has also shown successful neural regeneration across numerous nerve guidance conduits \[[@B27],[@B29]\]. These aid the end-organ specific growth of regenerating axonal sprouts without resistance from intervening tissues. The AV would serves as a conduit for the regenerating axonal sprouts of the IRN and, in fact, the perineally-transposed APV segment will be innervated by the PN.

In conclusion, the APV segment can be transposed to the perineum along with its AV branch, followed by approximation of the AV with the IRN in the perineum after anorectal excision in all cadavers. Concerns regarding the neural vascularity of the transposed segment and the biological success of neural regeneration need further evaluation.
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![(A) Abdominal dissection showing the antropyloric valve (arrow head) and the anterior vagus nerve (long arrow). (B) Pyloric branch of the anterior vagus (long arrow), gastroepiploic arcade (short arrow) and antropyloric valve (arrow head) after division of the duodenal end.](ac-29-7-g001){#F1}

![(A) Gluteal approach showing the pudendal nerve (short arrow), inferior rectal nerves (long arrows) and external sphincter (arrow head). (B) Perineal dissection showing the left inferior rectal nerve (arrow head) to the external sphincter (long arrow).](ac-29-7-g002){#F2}

![Pylorus graft (arrow head) with the pyloric branch of the anterior vagus nerve (long arrow) in proximity to the inferior rectal nerves (short arrow) in the perineum.](ac-29-7-g003){#F3}

![Histogram showing the diameters of the anterior vagus (pyloric branch) and the inferior rectal nerves in the study group. AV, anterior vagus; IRN (R), right inferior rectal nerve; IRN (L), left inferior rectal nerve.](ac-29-7-g004){#F4}

![Schematic representation of the position of the inferior rectal nerves in the ischioanal fossa in relation to the external anal sphincter (as seen from the perineum).](ac-29-7-g005){#F5}

![Schematic drawings of the abdominal (A) and the perineal (B) steps of the procedure. Black lines indicate sites of division. APV, antropyloric valve; A, anterior vagus; B, gastric branches; C, crows foot; D, pyloric branch; E, hepatic branch; F, gastroepiploic arcade; G, inferior rectal nerve; H, pudendal nerve.](ac-29-7-g006){#F6}
